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Aging of the skeletal muscle extracellular matrix drives a stem cell fibrogenic conversion.
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Public Summary:

Age-related declines in skeletal muscle repair after injury have been attributed to dysfunction of resident muscle stem cells. In old
animals, muscle stem cells display a higher tendency to give rise to cells that leads to scar formation. This leads to loss of muscle
integrity and impaired functional recovery after injury. In this study, we investigated the direct effect of the matrix outside of stem cells
on their ability to give rise to proper progeny. Characterization of matrix reveals decreased plasticity of these structures and muscle
stiffening with increasing age. Age-related alterations in these matrix proteins directly disrupt the responses of muscle stem cells to
muscle damage. We were able to modulate the function of muscle stem cells by exposing them to a matrix that resembles the
environment of young or old animals. We have also identified important protein factors and signaling pathways that regulate the
interaction between muscle stem cells and the outside environment. These findings provide valuable insights into how muscle stem
cells communicate with the surrounding environment.

Scientific Abstract:

Age-related declines in skeletal muscle regeneration have been attributed to muscle stem cell (MuSC) dysfunction. Aged MuSCs
display a fibrogenic conversion, leading to fibrosis and impaired recovery after injury. Although studies have demonstrated the influence
of in vitro substrate characteristics on stem cell fate, whether and how aging of the extracellular matrix (ECM) affects stem cell
behavior has not been investigated. Here, we investigated the direct effect of the aged muscle ECM on MuSC lineage specification.
Quantification of ECM topology and muscle mechanical properties reveals decreased collagen tortuosity and muscle stiffening with
increasing age. Age-related ECM alterations directly disrupt MuSC responses, and MuSCs seeded ex vivo onto decellularized ECM
constructs derived from aged muscle display increased expression of fibrogenic markers and decreased myogenicity, compared to
MuSCs seeded onto young ECM. This fibrogenic conversion is recapitulated in vitro when MuSCs are seeded directly onto matrices
elaborated by aged fibroblasts. When compared to young fibroblasts, fibroblasts isolated from aged muscle display increased nuclear
levels of the mechanosensors, Yes-associated protein (YAP)/transcriptional coactivator with PDZ-binding motif (TAZ), consistent with
exposure to a stiff microenvironment in vivo. Accordingly, preconditioning of young fibroblasts by seeding them onto a substrate
engineered to mimic the stiffness of aged muscle increases YAP/TAZ nuclear translocation and promotes secretion of a matrix that
favors MuSC fibrogenesis. The findings here suggest that an age-related increase in muscle stiffness drives YAP/TAZ-mediated
pathogenic expression of matricellular proteins by fibroblasts, ultimately disrupting MuSC fate.
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